The apoplast of developing soybean (Glycine max cv Hodgson) embryos and seed coats was analyzed for sucrose, amino acids, ureides, nitrate, and ammonia. The apoplast concentration of amino acids and nitrate peaked during the most rapid stage of seed filling and declined sharply as the seed attained its maximum dry weight. Amino acids and nitrate accounted for 80 to 95% of the total nitrogen, with allantoin and allantoic acid either absent or present in only very small amounts.
The developing soybean seed, because of its economic importance and potential for yield improvement, is an attractive system for nutrient translocation studies. The embryo (cotyledons and embryonic axis) is symplastically isolated from the seed coat (4, 7, 18) so that nutrients translocated to the developing seed from the maternal plant and unloaded from the phloem in the seed coat must move apoplastically before entering the cells of the embryo. Kinetic studies of 14C photosynthate movement to the developing seed have provided evidence that movement of photosynthate between the seed coat and embryo may be a control point for sucrose accumulation by the developing embryo (17) . Other studies have suggested that the physiological factors limiting soybean seed growth rates reside within the developing cotyledon and not within the maternal plant (6) .
In theory, it should be possible to predict the rates of movement ofassimilates into the developing embryo from the kinetics ofuptake and the concentration ofthe compound in the apoplast ofthe embryo. Two studies have described the kinetics ofsucrose influx into isolated soybean embryos (10, 19) and recently the kinetics of glutamine uptake have been described (2) . In (2) , which allowed the establishment of stable internal pools of AIB for subsequent elution. The results of a typical elution of a seed coat is shown in Figure 2 . The data plotted in this manner for both seed coats and embryos could be analyzed in terms of efflux of AIB from three compartments in series. From a linear regression analysis of each set of efflux data as detailed by Cram (5) , the radioactivity in each compartment could be determined at each time point (Fig 2, inset) . From the intercept of the efflux from each compartment, the radioactivity at time zero in each compartment could be estimated. Using this estimate of the apoplastic radioactivity, the apoplastic volume could be calculated by: apoplastic volume (1gl) = apoplastic radioactivity (cpm) cpm/ul of AIB solution Using this method, apoplastic volumes ofseed coats and embryos at various stages of development were determined (Fig. 3) . Both seed coat and embryo apoplastic volumes increased with increasing seed weight, with the maximum volume reached near physiological maturity, after which time the apoplastic volume decreased during seed desiccation. The apoplastic volume of the seed coat was consistently larger than that of the embryo even though the fresh weight of the embryo exceeded that of its companion seed coat by a factor of 2 to 10 throughout development (data not shown). Light micrographs of soybean seeds (Fig.  4 Plant Physiol. Vol. 75, 1984 the cell wall interstices so that the apoplastic volumes measured here overestimate the actual volume accessible to solutes diffusing from the sites of phloem unloading to the embryo. Since large air spaces are not apparent in the embryo, it is likely that the measured apoplastic volumes more closely correspond to the volume actually accessible to nutrients en route to the cotyledonary cells.
In addition to the determination of apoplastic volumes, efflux analysis also provided a basis for selecting an appropriate elution time for both seed coats and embryos to maximize the collection Table I , these corrections tended to cancel one another as they were of similar magnitude but in opposite directions. Similar adjustments in calculations were made for seed coats and embryos at different growth stages used in this study. Apoplastic Solutes. The composition of apoplastic solutes in the seed coats and embryos were similar at all stages of development with N03 and amino acids accounting for 80 to 95% of the total N. Figure 5 shows the temporal variation in concentrations of the major apoplastic solutes. Each sample was collected at 10 AM on the indicated day after flowering. A peak of apoplastic amino acids, NO3-, and total N concentrations in both the seed coat and embryo coincided with the most rapid phase of seed growth, while sucrose concentration was relatively constant over the entire period of seed development. The second peak of amino acids occurred after the seed growth rate started to decline and could be caused by the influx of remobilized nitrogenous compounds from senescencing vegetative tissues. The ureide (allantoin or allantoic acid) content of the samples was detectable on only one sampling date (25 d after flowering) were ureides contributed only 2.5% of the total N. Ureides were conspicuously absent in all other samples.
Diurnal variations in apoplastic solute content were monitored by sampling at 6-h intervals over a 24-h period on four occasions throughout the period of seed development. Solute content was fairly stable in the seed coat and embryo apoplast over the diurnal cycle (data not shown) in agreement with the observations of Patrick and McDonald (15) . Figure 5 also indicates that the solute concentrations in the seed coat were consistently lower than in the embryo. This is contrary to the accepted notion that solutes diffuse down a concentration gradient from the seed coat to the embryo (18) . This, most likely, results from the large volume estimate of the seed coat apoplast due to infiltration of the large air spaces (discussed above) and may not reflect the actual concentration of solutes restricted to the cell wall matrix.
With respect to predicting rates of solute influx from uptake kinetics, it was of interest to tabulate the physiological range of concentrations for the major seed nutrients. These are shown in Table II for both the seed coat and embryo apoplast. The high levels of NO3-and NH3' suggest that a study of their uptake by isolated embryos, or of their interaction with the uptake of sucrose or amino acids may be of considerable importance.
The amino acid composition of the apoplastic solution is shown in Table III for samples collected during the period of the greatest rate of seed growth. The amino acid composition of all other samples was similar to that shown in Table III GOGAT Identification. The innermost layer of the seed coat (nucellar tissue) is densely cytoplasmic (Fig. 4) and seemed to be a likely place for the conversion of glutamine to glutamate. This inner tissue layer was separated from the rest of the seed coat, and GOGAT activity was assayed in soluble homogenates from both tissues (Table IV) . The nucellar layer contained levels of GOGAT that were higher than the rest of the seed coat on a fresh weight basis, supporting the possibility that glutamine conversion took place in this inner tissue layer of the seed coat. The high glutamate to glutamine ratio in the embryo free space was consistent with observations on these two amino acid pools in maturing pea cotyledons (Fig. 7 in 1 1) .
CONCLUSIONS
The work presented here was undertaken with the long range goal of elucidating mechanisms responsible for solute translocation into developing soybean seeds. Specifically, the data presented on apoplastic solute concentrations provide information as to what solutes get into the seed, and what kind of processing these solutes undergo between the site of unloading and the site of uptake by the embryo. As indicated in Table I (14) , the high concentration of GOGAT activity in the nucellus suggested that solutes may pass through the symplasm ofthis tissue layer. The transport properties ofthis strategically located tissue deserve further study.
